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ABSTRACT

This is the final report for the Rome Air Development Center Contract
AF3o(602)-3258, entitled, "Non-destructive Reliability Screening of Elec-
tronic Parts, Using RF Noise Measurements." The report describes an inves-
tigation and evaluation of radio frequency (HF) noise in IN645 silicon
diodes and solid tantalum capacitors. The specific intent of this effort
was to establish and validate EF noise measurements as a technique for
selecting and rejecting from a production lot of electronic parts those
parts with lifetimes less than the average lifetime of the production
lot, thereby increasing average lifetime and time to first failure.

Large quantities of diodes and capacitors were screened; results are
categorized and tabulated in this report. In addition to the screening
efforlt, rejected components were life-tested with a control sample of
good components, and efforts were made to optimize the screening technique.
Also failure mechanisms that cause generation of HF noise were investigated
both theoretically and experimentally. Findings of these investigations,
as well as results of life test and screening optinization, are also
presented in this final report.
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Evaluation Memorandum

This effort has shown that the RF noise generated by individual diodes
and capacitors in a production lot can be used to identify mechanically
faulty units which are undetected by convention!.l test methods. Ir this
study, gross defects such as poor bonds, large -cctures and voids Amre
discovered in noisy diodes while quiet diodes showed none. As a result
of the selection and rejection of high RF noise devices from the pro-II
duction lot, the over-all lot failure rate was significantly re-duced.

Since this technique detects failure modes which are likely to occur
in all electronic parts, it appears feasible to include the technique in
the specifications for all parts. However, before this test method can
be included as a spec requirement, it will be necessary to determine its
effectiveness on part types other than those studied and its over-all cost
per pert.

To evaluate the over-all screening efficiency of this technique, tests
on large samples of active and passive devices of both c( -utional and
mircroelectronic design from various sources should be coý ,.,ted. These
tests, which should be contractually supported, will also provide a means
for estimating the per-part cost of the technique and will enable us to
make trade-offs between the cost of the technique and its screening ability.
For example, it may be more economical to apply the technique on a i0OO
basis only when production processes or materials are changed and then
continue screening on a sampling plan basis.

Our program for the development of generally applicable accelerated
and screening tests will include rf noise as a basis. The future studies
will include microelectronic circuits and elements and more recently
developed discrete semiconductor devices that have projected high use.

I
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1.0 INTRODUCTIONh!
The work discussed in this report represents a portion of the "Non-DestructiX c

Reliability Screening Program" sponsored by the Rome Ai. Dxcleopment Centt.c.

The specific investigation reported was done under Rome Air Development C•-,11 k

Contract AF 30(602)-3258, entitled, "Non-Destructive Reliability Screening of

Electronic Parts, Using RF Noise Measurements". The work period of thi-i- o,-

tract was from 19 December 1963 to 19 December 1964. The specific i"-- of
this effort was to establish and validate RF noise measurements as a tec.hn, luta
for selecting and rejecting from a production lot of electronic parts those parts

with lifetimes less than the average lifetime of the production lot, thereby

increasing average lifetime and time to first failure.

The term RF noise, used in this study, denotes the generation of broad-band

noise by electrical impulse signals or breakdown phenomena at frequtincie

between 2 MC and 30 MC. In particular, the term noisy denotes the pr'ese-twt.

of excessive or an abnormal amplitude of broad-band noise at these frequncit.:-.

All operating electrical circuits exhibit normal thermal and conductive noise

levels which establish a background noise level or signature for each- particular"

part or circuit.

The generation of transient impulse signals caused by short duration faults

within a part raises this background noise level. It is possible to segregate

such parts from a population of parts by monitoring the over-all noise level

with a radio receiver.

Honeywell began investigating RF noise detection as a method of fault isolation

several years ago. This technique was examined as a result of high noise spikes

occasionally observed during the course of RF interference tests required for

military equipment. Further study revealed that the noise spikes resulted from

intermittent faults within the equipment.
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SExperimentation was conducted for two ytars on gyro sensors, temperature
and guidance control amplifiers, and timers, to confirm that the noise spikes

result from an intermittent type fault or .a defect in the unit under test. During

this period, it was discovered that the su.bassembly occasionally required

mechanical shock to aggravate the incipieint failure, thus making it detectable

by RF noise measurements. When a defe:tive subassembly was detected, the

faulty component was located by tapping each component on the board with a

phenolic rod to determine which one produced the highest amplitude of noise.

T he parts used for this study were the IN645 silicon diode and two values of

solid tantalum capacitors. These parts were selected because of their high

-volume of useage in military applications.

The study was divided into four phases, some of which were performed con-

currently. The first phase was the screening of the diodes and capacitors.

The screening technique used is the one developed over the past four years at

Honeywell's radio frequency interference test facilities.

The second phase of the study was an effort to optimize the technique for mea-

suring RF noise generated by these components. The major effort here was

with the stabilization networks needed for RF noise isolation of the power

source from the components being measured, and the transfer of maximum

detectable RF noise energy to the measuring device.

The third phase of the study consisted of theoretical and experimental investi-

gations into the failure mechanisms that cause the generation of RF noise in

the electrical components studied. A literature search was conducted prior to

and during this phase of the study.

Many experiments were performed on both quiet and noisy components. One

of the more revealing experiments involved the dissection of a random sample



of noisy diodes. This dissection revealed that one of the more prominent

sources of RF noise Is microplasma breakdown in the semiconductor crystals. I
The final phase of the study was the life-testing of the components. Those

components that exhibited high RF noise along with a control sample of low

noise components were placed on life test. The diode life test was run for

3000 hours and the capacitors for 2000 hours. Maxirhum benefit was derived

from the test, by subjecting components to their maximum allowable tempera-

ture ratings. Since these ratings did not exceed print specifications, the life

test contained no acceleration fattor. The failure rates encountered were,
therefore, much higher than normal, but yet within the expected rates for the
conditions of the life test.

I
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2.0 CONICLUSION

2.1 LIFE TEST

The final data of the study confirms the original hypothesis. In both the diode

and capacitor tests, components that exhibited high RI noise did fail at a

f higher percentage than the quiet components. In the case of the diodes, this

higher percentage was approximately two to one. For the capacitors, the

difference was approximately three to one. These differences in failures are

computed from 3000 hours of test time for the diodes and 2000 hours fol- the

capacitors. Even more significant is the greater difference in percentage fail-

ing during the initial 250 hours of life test. In this period, noisy diode failures

were 2.6 times higher than quiet diode failures, and noisy capacitor failures

were 6. 2 times higher than the quiet capacitor failures.

In conclusion, results substantiate the higher incidence of failure of components

containing high RF noise over components that do not exhibit such noise.

2.2 SCREEN TEST

There were 20, 200 diodes screened. Of this total 146 (or 0.7 percent)

exhibited excessive noise. However, only 86 of the noisy diodes

passed all other specifications for this component. Similarly for the capaci-

tors, 67 (or 0. 7 percent) of the 9, 808 screened passed all specifications, but

were excessively noisy. These percentages are within the range anticipated

for this type of test.



1 2.3 MEASUREMENT TECHNIQUE OPTIMIZATION

SAn extensive effort in this area for both the diode and capacitor yielded positive

and negative results. On the positive side it was found that transformer coup-

ling the diode output allowed the use of a less sensitive and less expensive

receiver. However with the NF105 receiver that was used in the screening,

the direct coupling method proved best. Work on the capacitor circuit yielded

no real advantages.

2.4 THEORETICAL INVESTIGATIONS

Along with the normal noise sources in semicondJuctors, microplasma noisFe

generation was shown to be a significant contributor to the detected RF noi.se.

A darkroom photograph of a sectioned diode verifies the existence of these

microplasmas.

Wh,:n four noisy and one quiet diodes were dissected and photogra phed, all four

noisy diodes showed physical abnormalities while the quiet diode showed none.

This would indicate that RF measurement techniques are useful in revealing

components that are physically faulty.

2.5Appendix A shows the results of additional diode dissection.

The general conclusion that is drawn from the work reported here is that the

j results do substantiate the higher incidence of failure of components containing

high RF noise over components that do not exhibit such noise.

V
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3.0 RECOMMENDATION

In light of the results of this investigation •it is recommended that work in the

area of RF measurements be continued. Further correlations between the type

of RF noise found and physical abnormalities should be invest.gated. The

effects of RF noise upon failure rates of other components and integrated cir-

cuits should be pursued.

It is believed that RF noise detection is one of the more promising nondestruc-

tive type tests, and will find extensive future use.
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4.0 DETAILS OF STUDY

4.1 LITERATURE SEARCH

A detailed literature search was conducted. It was geared primarily at noise

generation source in semiconductors and tantalum capacitors and failure

mechanisms of these types of devices. Some of the more pertinent references

used are listed in Section 5 of this report.

iI
lI

I
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4.2 2 THEORETICAL DISCUSSION OF FAILURE MECHANISMS

4.21 . Diodes

A number of tests were run on the noisy diodes, and aiso on a number of quiet

diodes. Quiet diodes are those which exhibited normal RF noise and were

within specifications. In particular, the following was obtained:

* Capacitance and Q measurements

0 Forward and reverse characteristics

* 1/f noise at 10 and 1000 cps with d-c exci',ation

0 The noise level from 22 mc to 29 mc with d- c excitation

An attempt to use the diodes as a capacitive element in a tuned circuit of an

oscillator (where vavesbape of oscillation would be indicative of anomalies

in-the diode) was not particularly effective.

The reasoning- behind the experiment of measuring capacitance and Q was

that faulty diodes might have a lower Q or different capacitance from qviet

diodes. However, no significant difference between the noisy and quiet

samples was detected in either capacitance or Q measurements.

An average of reverse characteristics (leakage current as a function of

"reverse voltage) of the diodes ii iicates that the noisy diodes tend to have a

higher leakage current than the quiet ones. One would not, however, be able

to decide into which group a-diode would belong.by its reverse characteristic

alone, as can be seen in Figure 1. Reverse characteristics were taken with

a one-megohm limiting resistor. The average forward characteristic of

each group did not display a difference between the two groups.

1/f noise measurements were made on a Quan-Tech diode tester, model 327,

at 10 and 1000 cps. The instrument reads in microvolts per root cycle. In

the reverse biased position (225 volts), the. average noise level of the iN 645

is 1. 7•tv at 10 cps, and 0. 64 jAv at 1000 cps. The spectrum of a diode that

4E
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exhibits high I/f noise, is shown in Figure 2. Its 1/f noise at 10 cps is 7. 8i1v,

and at 1000 cps is 0. 95uv. Of special interest is the fact that the I/f noise

extends into the megacycle region. Of the 86 diodes which exhibited high Rle

noise at 25 me, 21 also had high 1/f noise, whereas only one out of an equa.,

number of RF quiet diodes had an unusual amount of I /f noise.

Four noisy diodes and one quiet diode were sectioned to display the junction

region with the following results:

Low frequency or 1/f noise has been attributed to several causes; notable
2among these are localized hot spots at the junction . The cross-section of

the first noisy diode which exhibited high 1/f noise, perhaps best displays the

causes for hot spots, due to voids in the alloy uniting the silicon wafer to the

molybdenum heat sink (see Figure 3).

Most of the noisy diodes displayed an excessive amount of noise independent

of mechanical shock. A few (9 out of the 86) became noisy only after mech-

anical stress. The second noisy diodewhose cross-section is shown in

Figure 4, was one of the diodes which became noisy after several blows of

100-g magnitude. The silicon wafer had a fracture which was apparently

aggravated by the mechanical excitation.

The third noisy diode also had a fracture in the silicon wafer (see Figure 5).

This diode, however, was noisy with a-c excitation without mechanical snock.

It had a normal 1./f noise level and a normal RF noise level when excited with

dc in the reverse direction. AC excitation appears to be a better method for

detecting excessive noise levels, since a large percentage of diodes which lihad

a normal noise level when excited with de exhibited excessive noise with a-c

excitation.

The fonrth noisy diode (Figure 6), shows an im.perfection through the Junction

region in the form of a void. It bad a normal i/f and Mi' noise level with d-c

excitation. However, it displayed excessive RF noise with a-c excitation.

The fifth diode sectioned was a quiet diode with exceptionally good for\w'ard and

reverse characteristics. Its cross-section is shown in Figure 7. The diode
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Figure 3. Noisy Diode Showing Voids in the Bonding Alloy Between
the Silicon Crystal and Molybdenum Heat Sink

Figure 4. Fractured Silicon Wafer; Diode Became Noisy After Shock

Figure 5. Fractured Silicon Wafer; Diode Emitted Noise on Excitation



Figure 6i. Noisy Diode Showing a Void in the Junction

iFigure 7 '. T:hed Cross-Section of a Normal DTjiode Showhing
.he Jun~ction Regions

Rf
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was etched with a hydrofluoric-nitric acid mixture (40 percent nitric, 20 percent

water). The p-n junction of this diode occurs at the upper surface of the wide

dark band. The junction region can occur near either surface of the silicon

wafer. During manufacture, no Ettempt is made to orient the silicon crystal.

Therefore, the polarity of the diode is randomly oriented with respect to the

whisker and molybdenum heat sink. The wafers, after being diffused, are

placed on the heat sink, and the polarity color bands are placed on either end,

depending on the measured impedance of the diode. The results of additional

diode dissection work is reported in Appendix A.

4. 2.1.1 Surface State Noise -- Because of their mesa construction, which does not have

the protective coating of silicon oxide over the edge of the junction region, the

IN 645 diodes used in this study are subject to s.-rface contamination.

Contaminants on the surface of a semiconductor tend to degrade its performance.

In the p-n junction, softening of the reverse characteristic and current hysteresis

-s often caused by surface contamination. 1 This type of unstable reverse charac-

teristic and high leakage can cause failure by excessive power dissipation in the

junction.

The ideal diode would have a metal- semiconductor contact in which there is

intimate contact between the metal and pure semiconductor, with no foreign
2

materials intervening. The plated contact in the manufacture of the IN 645

very closely approximates an idealized contact. However, the mesa construc-

tion of the diode allows a certain amount of contamnination to appear at the

exposed junction region. A silicon varnish coating is placed over the wafer

but this is not as effective as a layer of silicon oxide in providing resistance

to the penetration of foreign contaminants.

'The incidence of high 1/f noise has been attributled to surface contamlxmticm.3

A number of studies have been made with germanium junctions exposed to

various environments4, 5, 6 and efforts have been made to measure contam-

ination by modulation with an external electric field. Detection of surface

contaminants on diodes exhibiting high 1 /f noise was attempted by placing a

metallic band outside of the diode case near the junctior, region, as shown in

Figure 8. An alternating electric field was applied between the metallic
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band and the silicon wafer; however, the modulation effect expected from

foreign surface ions 7, 8 could not be detected. This could be due to the i
small surface area of the exposed junction, and the relatively minute amount

of current introduced because of surface ions.

METALLIC BANDME~e-/' /"-'..GLASS CASE i

-rHEAT --
"-SINK

I '

!I
SILý:ICON/ T

WAFER

Figure 8. Semiconductor Diode

2. 1.2 Noise Due to Microplasma Discharges -- Another cause of early failure in

a semicondu'ctor is dislocations in the crystal, where microplasma discharges

tend to take place. 6 The microplasma discharge in a p-n junction occurs

at a lower voltage than the avalanche breakdown voltage of a diode with a

uniform junction. The discharge can be detected by the RF noise generated

in a p-n junction, as a bias voltage is applied. 7  The microplasma discharges

occur with either forward or reverse bias. Their light intensity increases

with an increasing reverse bias voltage, until reaching a maximum, and then

decreases as reverse voltage is increased further.

Light emitted in the recombination process appears white in color, with a

tendency toward red. This is attributed to the absorption of the shorter wave-

- lengths in the silicon. Figure 9a is a I5-minute exposure, 30X enlargement

of a IN645 junction (shown in Figure 9b) with a reverse bias. in order to see

the microplasma light sources, it is necessary to cut away the silicon varnish
covering the junction and observe with a microscope.

I

!I



(a)

(b)

Figu~re 9. Enlargement of a Diode Exhibiting iMicroplasma Discharges
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S If one considers the current flowing through the p-n junction to consist of simply

two states, the power spectrum would be

1 4NA 2

(4N 2  2

where N is the average switching rate betweer. states, in times per second, and
A is the amplitude of the current pulses. Experimentation has shown that the

power spectrum generated by the random binary wave (see Figure 10)closely

I9approximates the actual signal observed.

A number of observed phenomena tend to indicate that the microplasma discharges

generate the detected r-f noise. For example, when the semiconductor junction

temperature is lowered, both light intensity of the discharges and noise intensity

increase. Likewise, the behavior of the r-f noise and the microplasma light
intensity is very similar when the applied voltage is varied. As the reverse voltage

on the p-n junction is increased, both the r-f noise and emitted light increase un-

til a maximum is reached and then both tend to decrease. (see Figure 1). This

is due to the increase in current pulse amplitude as the reverse voltage is increased.

The current pulses have longer duration and occur more frequently until a voltage

is reached at which current flows continuously. As a step function in voltage is

applied to the junction, the r-f noise level and microplasma discharge light intensity

respond in a similar manner, both are most intense at the instance of the step

function and then decay with time. The presence of microplasma discharges and

r-f noise at a voltage level below the avalanche breakdown of the junction should be

indicative of crystal imperfections which tend to cause early failure.

Light intensity of the microplasma region was measured with a RCA 1P121 photo-

multiplier tube having an S-4 response. Figure 12 shows the light intensity

versus time as various reverse bias voltages were applied to the junction. As

reverse voltage is first applied, light reaches maximum intensity and then decays

with time to an ambient level.
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Microplasmas occur either in the forward or reverse biased conditions.12
The pulse rate is increased by light irradiation. Microplasmas tend

to occur at junctions having hard characteristics. By observing the reverse

characteristics on a diode curve tracer, discontinuities can be detected

as discharges occur. The breakdown voltage for these discharges is less

than that of a uniform junction.

4.2.2 Capacitor Failure Mechanism

The 6. 8ý and 0. 0151if capacitors were both subjected to some of the same

measurements and investigations as the diodes. RF noise in the capacitors

was primarily in the form of spikes, rather than of a sustaining nature.

Because of this, detailed investigation has been difficult.

The-re appear to be at least three main ca,'sc for capacitor failure. One

failure mechanism is due to variations in thickness of the oxide film, due to

ire,':gularities in the tantalum metal surface. Breakdown at these stress

areas would result in current i, )ulses and noise. Unfortunately, the MnO2

film over the tantalum oxide teAds to heal breakdowns of this type and noise

generated becomes intermittent.

A second failure mode is the diffusion of Ta atoms through the oxide film.

!This diffusion is accelerated by thermal and electrical stress. This second

phenomenon is not particularly amenable to RF noise detection schemes.

A final failure is of the catastrophic tyne where shorts and mechanical

discontinuities are present. This seems to be the most common type of

failure picked up in the screening procedure. Most of the 29 capacitors

isolated display shorts or opens as they are mechanically shocked, but

appear normal when not shocked.
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Probably the most common failurc mechanism in tantalum capacitors is

caused by irregularities in the tantalum surface. Breakdown through the

imperfections of the oxide layer or microfissures at these stress areas

results in current impulses and noise. A number of mechani.&m have been

1•J13, 14, 15, 16 for the formation of microfissures. Among them arc

surf" purities in the metal, contamination during fabrication, moisture,

v ai tne growth rate of amorphous and crystalline oxide, and hydrogen

gas tion at the metal die ectric surface (where rectification occurs).

Microfissures are essentially breaks in the oxide in which the counterelectrode

penetrates. In this manner, a small gap is formed between electrodes

through which arcing takes place,

Arcing across microfissure breaks generates noise impulses, however the

manganese dioxide film placed over the Ta 2 0 5 tends to heal breakdoN ns of

this type. For this reason, many of the noisy capacitors, especially of the

sintered type exhibited only a few noise spikes and then became quiet. Ideally,

the tantalum oxide would be amorphous in structure; however, the sintered

slug has a crystalline structure. It is easy to visualize imperfections at the

union of the two different type of structures or in the transition18 between the

two. An interesting observation was the consistent increase in capacity of

the sintered type, after they were intenti;onally broken down by excessive

voltage, limiting the current to prevent burnout. An increase in capacity

after voltage breakdown is probably due to the arcing and resultant heating

at th2 imperfections in the oxide film, where contact., in all the crevices of

the sintered slug, was not made between the Ta2 05 a~nd the tantalum metal.

When additional Ta 2 05 is formed at the discharge points, the net result is in

increase in area of the capacitor.

The solid wire type, having a smoother tantalum surface, consistently de-

creased in capacity after breakdown. One would postulate that here brpak-

down occurred at the thinnest layer of Ta 2 05 ; however, the oxide coating

over the tantalum was complete. During breakdown, a thicker layer of oxide

is formed, thus reducing the total capacity of the unit.
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An attempt was made to determine the nature of the tantalum oxide film by

means of the change in capacity19 or the dissipation factor20 of the capacitor

at two frequencies (i. e., 100 cps and 5k cps). The crystalline oxide

is expected to have a greater variation in capacity as the frequency is varied,

than is expected from an amorphous oxide. The factors which produce a

high dissipation factor also produce a high change in capacity as a function

of frequency. A plot of the frequency independent part of the dissipation

factor (tan 6' ) versus the change in capacity, for the 6.8pf sintered tantalum

capacitors, is shown in Figure 13. The two curves obtained by a least

squares fit can be expressed by the following lines.

tan6' = 0.01632 + 0.0228 bc for the quiet sample

tan 6' = 0. 005338 + 0.03345 ,c for the noisy sample

The average tan 6' for tile noisy capacitors was 0. 0302 and the average

tan 6' of the quiet sample was 0.0255. Since tan 6' is a measure of the

Ta 2 0 5 quality, one does get an indication that the noisy sample is of lower

quality. In a similar ;.anner, the equivalent series resistance (R 2 ) of the

capacitor decreases with the number of coats of Mn02. For the noisy sample,

the average R 2 was 0. 0150 in comparison to 0. 999 Q for the quiet sample.

Since shock was more important in Introducing noise in the solid wire

type, one would conclude that mechanical faults were the major contributing

factor. Most of these capacitors display opens or shor'.s when they are

mechanically shocked, but appear normal otherwise. Random discontinuities

of this type are readily detectable by the r-f noise generated.
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4.3 TESTING

4.3.1 Diodes

4.3.1.1 Test Specimen -- The IN645 diode is a double diffused silicon j',nction diode of

a mesa construction. It is a 600-milliwatt diode with a peak inverse voltage

rating of 225 volts. Forward voltage drop at th: rated forward current of 400

ma is I volt at 25°C; maximum leakage current at 225 volts reverse bias is

200 nanoamps at 250C; and typical capacitance at 1 2 volts reverse ').as is 9"Lf.

The MN645 diodes were obtained for this study from existing Honeywell stock.

These diodes had been inspected under a one percent AQL plan, per MIL-STD-

105. The diodes were screened for excessive RF noise, using equipment and

techniques already employed at Honeywell for measuring RF noise generated

by defective components.

4.3.1.2 Test Procedures -- A block Jiagrarn of the test circuit is sh :,wn in Figure 14,

The diode tested was clamped in a holding fixture as shown in Figure 1 5. The

fixture supported the diode by its leads, at a distance of 1/4 inch from the body,

and also provided electrical contact to the diode. The holding fixture was shocked

by a spring-ioaded hammer, which was activated by cranking the handle. The

hammer was designed to provide a shock of 1.00 g's for 1 / 2 millisecond.

The low noise Empire NF 105 receiver had a relatively flat response over a

broad frequency range (±1 db from 2 mc to 30 mc). It could detect signals

having an amplitude of 0. luv to lwi, depending on ambient noise conditions.

The IF -nmplifier was tuned at 1.6 mc with a 10-kc bandwidth. The receiver,

together with the diode fixture, is shown in Figure 16.

The component under test was energized, and input of the receiver was

impedance-matched to the diode power lead by means of a line stabilizatiop
unit. Additional work at optimizing this unit is reported in Appendix B. Volt-

age or current supplied to the diode was varied to determine the optimum value

at which tests should be conducted. Power spectral density was measured on

an rms mete- monitoring the output of the receiver. By tuning the receiver
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Figurc15. Holding Fixture and Shocking Device

Vij- t6. Radio Noise Te-,st Station
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over the frequency band of 2 mc to 25 mc and measuring the noise level of a

number of diodes, a normal background noise level was determined for the

standard, "normal" diode. Noise level of the normal unit was approximately

at the threshold of the receiver (see Figure 17) and noise was white in nature

over the frequency range.

After screening 1500 diodes it was decided to conduct the screening test on future

diodes at 25 mc only. This was done because less background interference

was encountered at this frequency and because abnormal noise %% hen encountered

was always present at all frequencies between 2 mc and 25 mc. The test speci-

men signature or normal background noise was used to detect abnormal diodes

as their noise appeared with greater intensity above this background. This is

apparent in Diodes 1, 2, and 3 in Figure 17. With the norm established,

mechanical shock stress x% as applied to aggravate potential breakdo%%ns if the

diode did not already dizplay abnormally high noise. Abnormal noise could be

I seen on the rms meter and was also audible on earphones. For maximum

sensitivity to abnormal noise.. normal component background noise was masked

out of the audible signal by a slide-back control, which was a bias applied to

the audio-amplifier.

Diodes wcre energized with ac to subject them to both forward and reverse

stresses. An excitation level of 100 ma average current and 12b4 volts rns

at 60 cps was used. These are typical levels to which the diodes are exposed

in most applications. It was found at this level that the diodes generate very

little noise, and because of receiver threshold, only 23 excessively noisy units

were detected out of a sample of 10,250. Diode c-irrent was increased to 300

,ha at the same voltage. Little change in noise level was detected until voltage

was also increased to its maximum allowable value of 225 volts or 1 59 volts rms.

It was found that many diodes previously screened at 124 volts rms now exhi•.tted

abnormal noise when rescreened at 1 59 volts rms. Therefore, back voltage

appears to be more critical than current in causing noise in a p-n junction.

This tends to indicate that noise arises from a breakdown phenomenon rather

than a thermal effect.

iI
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Whilt monitoring for noise, diodes were subjected to a maximum of 1 2 impact
shocks of 100 g's in each of three planes . It became apparent during the

program that breakdown of a diode under shock was independent of orientation
of the diode to direction of shock. Therefore, to reduce handling time, diodes
were mounted at 45 degrees to the directioi, of the shock. This mounting sub-
jected them to shock in both axial and normal directions simultaneously, thus
requiring only one series of shocks.

4.3.1.3 S reen Test Results -- Having determined the optimum excitation level of
300 ma and 1 59 volts rms, a total of 20, 200 diodes were screened. Shock
was applied to all of them, unless they exhibited noise upon electrical excita-
tion alone. Only 1 5 of the 20, 2000 diodes screened became noisy as a result
of the shocks. Of these, six had abnormal forward or reverse characteristics.

Table 1 is a breakdown of the different lot sizes of diodes that were screened
and the quantity of noisy diodes found in each lot. Also shown are the differ-
ent component excitation conditions that were employed.

Of the 20, 200 diodes screened, )46 (or 0. 7 percent) exhibited excessive noise.
However, only 86 of the 146 (or 0.4 percent of the total screened) passed the
reverse leakage current, forward voltage drop, and reverse voltage breakdowt
specifications. The 60 diodes which did not meet specifications are within
expectations of a one percent AQL sampling plan. The 86 appeared normal
in all respects except for a high RF noise level, and are referred to as the
"noisy diodes". Type of noise displayed by the noisy diodes is shown in
Figure 18. This Figure also includes tbe "uantities and types of failures
resulting from the subsequent life tests.

4.3.a.4 Life Test -- To determine whether excessive RF noise is correlated with early

failure, a life test was nm on both noisy and quiet diodes. This life test
vas conducted under maximum allowable conditions. vith the diodes carrying

150 ma dc at 159 volts rms and temperature of 150lC, The diodes conducted

for 50 minutes and were off for 10 minutes to subject them to normal

switching transients. The forward voltage drop at 400 ma dc, and.
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Table 1. Summary of Diodes Screened

Screen Test No. of Diodes Total No. of No. of Noisy
Conditions in Group Diodes Diodes in the

Tested Screened Group Tested
Meet Did Not

Prints Meet
__I Prints

100 MA 1000 1000 1 7
At 124 VAC 500 1500 0 3

500 2000 0 0

550 2550 0 0

500 3050 1 2

1000 4050 0 i

1000 5050 0 1

2000 7050 0 0

2000 9050 0 6

1200 10,250 0 1

300 MA 1900 12, 150 6 3

At 159 VAC 1200 13,350 4 8

1000 14,350 1 1

850 15,200 2 1

350 4 2

200 5 3

400 MA 800 12 7
At 159 VAC 50 1 0

0

300 MA 700 Z 3 1
At 159 VAC 0

0

400 MA 100 En 1 0
At 159 VAC

300 MA 350 4 2
At 159 VAC 5000 20,200 41 11

86 60

NOTE: These diodes had been previously screened at 124 VAC and
were rescreened at 159 VAC. They therefore do not add to
the overall total.
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leakage current at a reverse voltage of 223 volts dc, were measured at 250-hcur
intervals at 250C.

Seventy-eight noisy diodes and thirty-eight quiet diodes were life tested for

3000 hours. Detailed life test data is included in exhibits I through IV in

Appendix. Figure 19 shows the results of the life test. Here the percent of

the test sample failures are plotted against hours on test. At the end of 3000

hours, 34.6 percent of the noisy diodes and 21.1 percent of the quiet diodes

had failed under the life test conditions. Table 2 shows the breakdown of life

test failures into catastrophic failures and units no longer meeting all specifi-

cations. The percent of noisy diode failures after 1000 hours is 78 percent

greater than the percent of quiet diode failures, 58 percent greater after 2000

hours, and 64. 4 percent greater after 3000 hours. At this point an attempt

was made to determine if a relationship existed between the noisy diodes that

failed life test and the type of noise they displayed during screening. Figure 18

shows a breakdown of the noise displayed by the 86 noisy diodes into four cate-

gories and the number of diodes in each group that failed life test. Here, as

shown, approximately one-third of the diodes in each group failed during life

test. The type of noise displayed by a noisy diode can not therefore be used

to predict ultimate failure. Of special interest in Figure 18 is, as mentioned

previously, the small number of diodes that required shock to set up a noise

condition.

To obtain a more accurate figure for the quiet diode failure rate, the sample of

quiet diodes was increased. Fifty-eight additional quiet diodes were placed on

life test at the 1 500 hour point, putting a total of 96 quiet diodes on life test.

At the end of 3000 hours, the added quiet diodes had accumulated 1 500 hours

on test. The test results of these added diodes vere combined with the test
results of the original 38 quiet diodes at the 1500 point. This gives a more
accurate picture of the quiet diode performance.
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Figure 19. Percentage of Noisy and Quiet Diodes that Failed with
Time on Life Tests
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Life test performanz-e data was plotted against the performance data of the 78

noisy diodes during the first 1500 hour period and is shown in Figure 20. In

the larger, quiet sample3 18.7 percent of the quiet diodes, and 30.8 percent of

the noisy diodes failed at the 1500 hour point. The percent of noisy diode

failures after 1 500 hours became 65 percent greater than the percent of quiet

diode failures.

100 - - - - -
- + I

80 QUIET DIODES .

60

40 - -. . .. . . ..
e=,"-- , I-

20 - -.------- L--

0 100 200 300 400 500 600 700 800 900 1000 1100 12CO 1300 1400 150)'

HOURS ON LIFE TEST

Figure 20. Percentage of Noisy and Quiet* Diodes that failed with
Time on Life Test

Results of life testing show that diodes exhibiting excessive RF noise are

considerably more failure prone than diodes exhibiting low RF noise, and

good correlation is established between excessive RF noise and higher failure

ra te.

*Increased sample over that slhown on Fighnret 9.
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4.3.2 Capacitors

4.3.2.1 Test Specimen-- The type 150D685 x 001OBOZ4 (6.8ufd at 10 WVDC) isjt

polarized, direct curren't, solid-electrolyte, tantalum-fixed capacitor in a

hermetically-q ; led, tubular, metallic case. This capacitor has a maxim 1um

d-c volta -- - ,ag of 10 volts from -55"C to 485°C. Maximum leakage ci-rrent

at rated voitage is 1. 4. amps, maximum dissipation factor is six perc( nt, and

maximum reverse voltage is 0. 5 volits at 25°C. This capacitor is in a B style

ease.

T!e type 150D1153 x 035AOZ4 (0. 015ufd at 35 WVDC) is the same as the 6.8ufd

capacitor) except for voltage rating and maximum leakage current. This
capacitor has a maximum d-c voltage rating of 35 volts from -55°C to +850C.

Maximum leakage current at r- Ad voltage is 1. Ouamps at 25°C. This capaci-

tor is in an A style case.

The capacitors meet requirements of MIL-C-26655, characteristic B. The

capacitors were screened for excessive RF noise, using the same technique

employed for the diodes.

4.3.2.2 Tes Procedure -- The test procedure enployed for the screening of tile

capacitors was almost identical to the diode screen test. The same test

equipment and criteria were used lo detect the presence of abnormal noise.

Noibe was monitored with both rated forward voltage and 0. 5 volts of r'ever! e

voltage applied to the component under test. This was done by placinj, a diodie

across the line stabilization unit.

A-c was applied to the test circuit shcown in Figure 21. The a-c voltage waE

of such a magnitude that the peak value of th5e positive half cycle was equal

.o the rated d-c voltage of the capacitor. The diode was so polarized that it

conducted d~uring the negative half cycle, shorting out the capacitor, and

preventing rt-verse line voltage from appearing across ',*e capacit3r. How-

ever, conduction threshold of the diode is between 0. 5 an, 0. 6 volts, so that
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approximately 0. 5 reverse volts appeared across the capacitor during the

negative half cycle of the applied :line voltage. The capacitors, therefore,

were operating during the screening test under maximum allowable conditions.

The resistance R shown in Figure 21 was adjusted to both limit diode current

to a safe level, and to provide at least three Q /volt of series impedance to the

capacitor on test, as recommended by the manufacturer. This action pre-

vented large surge currents during the charging time of the capacitors, and

protected capacitors against surge damage. Appendix B contains the report

of the efforts to devise a different capacitor noise detection circuit.

4.3.2.3 Screen Test Results -- A total of 4854,6.8jfd capacitors and 4954,0.015pfd

capacitors were szreened. Shock was applied to all of them, unless they

exhibited noise upon electrical excitation alone. In the case of the capacitors,

shock played an important role in the detection of noise.

Of the 4854)6. 4tfd capacitors screened, 40 (or 0. 8 percent) exhibited exces-

sive noise and of the 4954o0.0 s15ifd capacitors screened, 27 (or 0. 5 percent)

exhibited excessive noise. Therefore, of the total of 9, 808 capacitors

screened 67 (or 0. 7 percent) exhibited excessive noise.

The noise displayed by the noisy capacitors in all cases occurred in the form

of short duration spikes indicative of a breakdown phenomena. The type of

noise displayed by the noisy capacitors is shown in Figure 22.

Figure 22 -h-ws, as opposed to the diodes, that shock was a necessary param-

eter in the screening of capacitors. This was especially true for the 0. 01 5Afd

capacitors where nearly all of the abnormal noise occurred only during the

application of shock. As was the case for the diodes, Figure 22 shows that no

clear cut relationship exists between the type of noise displayed by the noisy

capacitors and the units theit ultimately failed life test.

In categorizing the capacitor noise content the numerous spike category refers

to those that exhibited a tradn of spikes greater than four.
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Because of the random nature and short duration of these spikes it was not

feasible to obtain photographs of the spikes.

The 40 noisy 6.8 1 ifd capacitors and 24 of the 0, 015i9fd capacitors met all of

the manufacturers specifications. The three remaining 0. 015u fd capacitors

were found to short intermittently during the pretest check and were not

placed on the life test.

4 . 3.2.4 Life Test -Forty noiay 6.8ufd capacitors ani 24 of the noisy 0.01u'd capacitors

meeting all specifications were placed on life test, along with 40 quiet

6. 8"fd capacitors and 27 quiet 0.01 5id capacitors. The life test was con-

ducted under maximum allowable conditions, according to manufacturer's

specifications. All capacitors were continuously subjected to two-thirds of

their d-c working voltage at a constant temperature of 1251C. Twenty each

of the noisy and quiet 6. 8Ufd capacitors, and all of the noisy and quiet 0. 01 5Pfd

capacitors, operate in test circuits having a total of three ohms series resis-

tance. This is standard procedure at Honeywell for life testina of this type of

capacitor, and meets requirements of the manufacturer's specification.

The remaining 20 noisy and 20 quiet 6.8pifd capacitors operated in test circuits

having a total of 20 ohms series resistance. The 20 ohms resistance would

better allow healing of small breakdowns should they occur at local weak points

in the oxide coating. Object of the 20 ohms circuit testing was to see if the

particular capacitors being tested had a different rate of failure than those in

three-ohm circuits where even a small breakdown might result in a current

avalanche and destroy tne capacitors.

The capacitors were life tested for a total of 2000 hours. Results of this test

are shown in Figure 23. Here, as in the case of the diodes, percent of the

test sample failures are plotted against hours on test. Detailed life test data

is shown in exhibits V through X in the appendix.

Tables 3, 4, and 5 show the breakdown between catastrophic failures and the

number of units that no longer- meet all specifications. Table 3 shows the
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6. 8 if capacitor results, and Table 4 the 0. 015 lif capacitor results.

Table 5 shows the total results.

After 2000 hours the noisy capacitors failed at a greater rate than the quiet

capacitors. After 2000 hours, the ratio of noisy to quiet failures for the

three test groups is two to one for the 6. 8 ýifd capacitors with three ohms

of resistance, three to one for the 6. 8 Vfd capacitors with 20 ohms of

resistance, and better than five to one for the 0. 015 Rfd capacitors with

three ohms of resistance.

Figure 24 shows an over-all comparison between the percents of noisy and

quiet capacitor failures. Here, the failure data of noisy and quiet capacitors

is combined and plotted against hours on test. After 2000 hours, 18. 7 per-

cent of the noisy capacitors, and 6. 0 percent of the quiet capacitors had

failed under life test conditions. Over-all percentage of noisy capacitor

failures is 210 percent greater than the percentage of quiet capacitor

failures. Even in the least case of 6. 8 ýifd capacitors with three ohms series

resistance, the percentage of noisy failures is 100 percent greater than the

percentage of quiet failures.

The life test data indicates that capacitors exhibiting excessive RF noise

are considerably more failure prone than capacitors exhibiting low tF

noise. Results of this test, like the results of the diode test, establish

a positive correlation between excessive RF noise and high failure rate.
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4.4 DATA ANALYSIS

An evaluation of the screening ability of RF noise measurements was conducted

using the following criteria:

a) Incremental Failure Rate - The failure rates of noisy versus quiet
parts starting from time zero and processing in small time incre-

merits was determined.

b) Cost of Performing Screening - The cost of screening the parts

was established on a per serving part basis.

c) Figure of Merit - The efficiency of the screening operation was
established on a basis of the fraction of noJay parts that failed

life test.
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4.4. 1 Incremental Failure Rates

Table 6. Diode Failure RAte V/i000 Hours

78 Noisy 38 Quiet 96 Quiet

Time Total -At X / r otal AtI Time Total /
TimeNo. AF S 1000 No. tAF S 1000 No. FS 1000Hrs. Failed Hrs. Hrs. Hrs. Hrs. Hrs. F Sedhrs Failed hrs Failed hrs

250 15 250 15 78 77.0 250 4 250 4 38 42.1 250 7 250 7 96 29.2

500 17 250 2 63 12.5 500 6 250 2 34 23.5 500 11 250 4 89 18.0

750 20 250 3 61 19.7 750 6 250 0 32 0 750 12 250 1 95 4.7

1000 22 250 2 58 13.8 1000 6 250 0 32 0 000 13 250 1 84 4.8

1250 24 250 2 56 14.3 1250 8 250 0 32 25.0 1250 17 250 4 83 19.3

1500 24 250 0 54 0 1500 8 250 0130 01500 18 250 1 79 5.1

1750 25 250 1 54 14.8 1750 8 250 0 30 0 78

2000 26 250 1 53 15.1 2000 8 250 0 30 0

2250 27 250 1 52 02250. 8 250 0 30 0

2500 27 250 051 0I2500 8 250 0 30 0

2750 27 250 0 51 2750 8 250 0 30 0

3000 151 3000 8 1250 0 30 1 0

The incremental number of failures AF, which occur in qn interval of time At,

given that there were S devices operating at the beginning of the interval may

be expressed.

F (failures) = S (devices) - X (failures/device hour) • At (hours) where Xis

a constant if the failures are random in time.

Then A t

Where S 'Number of devices operating at the start of the interval At

A F Number of devices that failed during the interval At
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Table 7. Capacitor Failure Rate %1/1000 Hrs.

_ _ 64 Noisy 67 Quiet
Total Toa

Time No. At Time Total At
Hrs. N. H Hrs. FiNol Hrso A S x

Failed Failed
m I I - - - L

250 6 250 6 64 7.5 250 1 250 1 67 6.0

500 8 250 2 58 13.8 500 3 250 2 66 12.1

750 9 1250 1 56 7.1 750 3 250 0 64 0

1000 10 250 1 55 7.3 1000 4 -250 0 64 6.3

1250 11 250 1 54 7.4 1250 4 250 0 63 0

1500 11 250 0 53 0 1500 4 250 0 63

1750 11 250 0 53 -0 1750 4 250 0 63 0

2000 12 "50 1 53 7.6 2000 4 250-0 63 0
j _ i52 j •- 63 -

The incremental number of failures AF, which occur in an i*nterval of time At,

given that there were S devicts operating at the beginning of the interval may

be expressed.

F (failures) = S (devices) - X (failures/,device hour) - At (hours) where X

is a constant if the failures are random in time.

Then )L 
jF

Where S Number of devices operating a- the start of the interval At

&F Number of devices that failed during the interval At

• .... :2 I
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4 4.2 Cost of Performing Screening I
The cost of screening components is computed by dividing the total labor costs
by the total number of components screened minus the number of components

rejected by the test. This gives the cost based on a per surviving part basis.

The cost of the test equipment is not included because it is or would be shared

by all component types. Therefore it would be unfair to include the cost against

any one test run. The learning process is excluded from the figures used.

This is done because anyone using this RF screening process would be screen-

ing large enough quantity that the initial learning process would be an insigni-

ficant part of the over-all program. The labor grade that performs the tests

would really dictate the per unit cost. Therefore, an average figure for the

hourly wage of the type of labor grade expected to perform the test is used.

Table 8. Cost of Screening - Per Surviving Part It
Diodes

Total quantity screened 20.200

Rejected units 147

Screening capacity 200 units/8 hour day

Labor cost $,3. 51/hour

Cost of Screening 8 hours $ 3.51 $-. 1404
200 units - hour - diode

Cost per Surviving Part 20, 200 $. 1404 $. i410
20,200 - 147 diode surviving diode

Capacitors

Total quantity screened 9,808

Rejected units 64

Screening capacity 250 units/8 hour day

Labor cost $3. 51/hour

8 hours $3.51 $.1123
250 units hour capacitor

Cost per SUrvivring Pa't 9, 808 $. 1123 $. 1130
9, :0B-64 capacitor surviving capacitor

Cost SurvvingPar

* I Im• rl mm•- m m • m lmm ••• mm m m m -~ m u
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4.4.3 Figure of Merit

4.4. 3. 1 Diodes -- Fe =screning efficiency. Following are the calculations based om

the life test data obtained after i500 hoirs:

Nl 78 Number of parts exhibit ing high RI, noisc

and subsequently submitted to environ-

mental life test.

N2  2• Potential failures eliminated, i. e.. the

number of parts of N1 that failed life test.

N3  54 Good parts rejected by screening test

(N 1 - N 2 ).

Therefore:

4 Fe -screening efficiency

- ot.ential failures eliminated
potential failures eliminated + rejected good part s

N2  24 24

N 3 24+ 54 - = 0.37.

Here, a scale of 1. 00 would indicate a perfect test where all of the noisy parts

-failed life test.

4.4.3.2 Capacitors - Fe = scre,ing efficiency. Following are the calculations based

on the life test data obtained after 2000 hours.

N 64 Number of parts exhibiting high RP noise

and subsequently submitted to environ-

mental life test.

N2 = 12 Potential failures eliminated, i. e. , the

number of parts of N1 that failed life tesi.

15
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N3  52 Good parts rejected by screening ies1

(N 1 - N2 )

Therefore:
- I

Fe = screening efficiency

potent.Al failures eliminated
potential failure'. elimindted + rejected good parts

iN
I N2  12 12

N 2 +N 3  12+ 52 64 0.19
I2

t

I

!II

I
I

I. . -: . .i- ii-•= i --•-i i I Ii I I i I I
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= EXHIBIT I

NOISY DIODES

The 1following critical parameter was measured during the life test, at ap-

proximately 250-hour intervals, at room temperatur2 (25*C):

1. Leakage current (IR in nano-amps. (NA) at a reverse voltage
(VR) of 225 volts.IR

The vendor specifications for this diode (IN645) allow a maximum leakage

current of 200 nano-amps, at the maximum allowable reverse voltage of 225

volts at room temperature (25*C).

All measurements of leakage current are in nano-amps unless otherwise

noted.

Whena unit exceeds the maximum allowable leakage current it is noted and

'considered-to have failed life test.

I

ii
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EXHIBIT II

NOISY DIODES

The following critical parameter was measured during the life test, at ap-

proximately 250-hour .ntervals, at room temperature (25°C):

1. Forward voltage drop (VF) in volts at an average forward cutrrentFI(IF of 400 milli-amps.

The vendor specifications for this diode (IN645) allow a maximum forward

voltage drop of 1. 0 volts at the maximtm allowable average forward current

of 400 milli-amps at room temperature (25*C).

All measurements of forward voltage drop are in volts.

When a unit exceeds the maximum allowable forward voltalge drop it is noted

and considered to have failed life test.

' I
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EXHIBIT III

QUIET DIODES

The following critical pardmeter was measured during the life test, at ap-

proximately 250-hour intervals, at room temperature (25 0C):

1. Leakage current (I ) in nano-amps (NA) at a reverse voltage (VR)

of 225 volts.

The vendor specifi.cationm for this diode (IN645) allow a maximuni leakage

current of 200 nano-amps at the maximum allowable reverse voltage of 225

volts at room temperature (25 0C).

All measurements of leakage current are in nano-amps unless otherwise
I noted.

When a unit exceeds the maximum allowable leakage current it is noted and

considered to have failed life test.
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EXHIBIT MIla

ADDITIONAL QUIET DIODES

The following critical parameter was measured durint the life test, at ap-

proximately 250-hour intervals, at room temperature (25°C):

1. Leakage current (IR) in nano-amps (NA) at a reverse voltage

(VR) of 225 volts.

The vendor specifications for this diode (IN645) allow a maximum leakage

current of 200 nano-amps it the maximum allowable reverse voltage of 225

volts at room temperature (25°C).
I

All measurements of leakage current are in nano-amps unless otherwise

noted.

When a unit exceeds the maximum allowable leakage current it is noted and

considered to have failed life test.

tI
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Additional Quiet Diodes

IR in (NA) at VR = 225V at 25*C

IR (MAX) = 200NA at 25'C

Exhibit Ila

Initial 248 530 860 1072 1331 1588

SRead-

io\ ing hrs. hrs. hrs. hrs. hrs. hrs.

1 7.6 9.1 8.0 40.0 22.0 76.0 60.0

2 4.0 7.1 6.7 6.0 6.6 5.6 8.4

3 17.2 32.0 28.0 25.5 27.6 25.0 26.0

4 5.4 7.8 6.1 5.5 5.8 5.3 5.5

5 12.5 13.8 11.8 11.0 11.8 10.8 14.0

6 16.8 24.0 20.2 19.0 20.4 18.2 21.0

7 3.8 3.6 3.3 3.1 3.2 3.1 5.0

8 17.4 19.7 18.2 17.4 19.0 16.8 17.1

9 10.0 11.0 8.4 9.0 8.6 7.8 7.9

10 13.5 11.0 9.4 10.0 9.6 8.5 10.1

U1 7.4 17.0 15.8 15.0 16.0 14.5 14.7

12 22.0 18.0 18.0 17.0 18.0 16.8 16.8

13 20.5 21.0 21.0 20.1 21.3 19.8 20.0

* 0i--



Exhibit Ma (Cont.)

Initial 248 530 860 1072 1331 1588

o Read- hrs. hrs. hrs. hrs. hrs. firs.

14 10.0 15.01 15.9 15.0 19.0 21.5 50.0

15 11.0 11.5 11.6 11.2 11.2 10.6 11.2

I1
16 13.0 12.4 12.2 12.8 14.5 13.0 17.1

17 9.6 9.6 9.0 9.0 11.3 8.3 9.5

1M 16.0 17.0 15.5 18.9 23.6 26.5 21.5

19 4,.% 10.1 10.4 9.4 13.9 13.0 9.0

20 6.2 10.6 6.7 A51ga "44,a A39,a A40a

21 21.0 36.0 42.0 48.0 78.0 72..0 63.0

22 16.5 A2.4 C :63a C::34;. '32ma A25pa A30:a

23 7.6 10.0 13.6 13.2 16.5 18.0 18.5

S24 13.0 21.7 21.,0 19.2 24.7 25.0 22.5

25 16.0 15.0 14.5 13.6 15.0 14.0 15.0

AUnits out of specification.
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Exhibit Ui.a (Cont.)

fInitial 248 530 860 1072 1331 1588
Read-Jiode R•ea- hrs. hrs. rlirs. .rs. hrq, h1's.

NJ ing____ __ _ ____ __ __

S26 14.0 17.0 17.0 16.0 17.5 16.0 20.0

27 3.8 7.6 8.7 11.3 16.0 19.9 82.0

28 7.6 10.0 10.0 10.5 12.6 15.4 13.5

29 10.0 9.8 9.5 15.5 13.5 27.2 11.5

30 18.0 21.0 19.5 22.0 26.5 26,5 20.5

31 5.9 3.5 4.0 3.5 4.7 5.2 7.9

32 11.0 9.4 8.6 9.4 10.2 10.0 11.5

33 2-3. 0120.0 170.0 84.0 98.0 77.0 27.9

34 1.5 2.0 4.0 4.4 5.2 6.2 9.0

35 15. C 20.2 17.0 18.0 20.0 19.9 27,5
4 . A,. A2 1 J10.0 . 80. 0

Ala !ua Ila Aa

37 6. 13.8 12.7 11.5 15.0 14.0 25.4

t

f' U-,uts out of specification.



Exhibit III.a (Cont.)

L me InitialiiRead- 248 530 860 1072 1331 1588
jode iReg hrs. hrs. hrs. hrs. hrs. hrs.
No.

I

38 7.7 11.4 11.8 14.2 21.4 24.0 .32
pa

39 11.0 9.5 9.5 10.2 12.0 Shorted -

A 40 7.6 9.0 10.0 11.9 13.5 14.0 16.5

41 11.0 11.0 10.2 11.5 13.1 13.5 14.0

42 13,0 22.8 17.5 17.0 18.3 17.1 17.8

} 43 1.7 1.6 1.64 2.1 3.4 3.5 5.5

200Shorted
44 5.0 7.1 12.6 18.0 23.01

45 9.1 12.0 12.0 13.5 15.7 15.2 14.1

46 13.0 17.0 1.9 42.0 45O. 0 12.5 170.0

pa Aa Aa

47 5.6 5.8 6.5 7.3 6,7 6.6 9.5

48 4.4 11.8 14.8 9.1 11.5 9.0 12.0

49 13,0 17.0 18.5 18,9 20.5 20.0 22.0

A - Units out of specification.

- Units removed from life test.

z
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Exhibit Mlia (Cont.)

lIne intial 248 530 860 1072 1331 1588

Read-
jk iode ing hrs. hrs. hrs. hrs. hrs. hIs. S~No.

50 7.2 10.0 10.5 10,9 11.8 10.2 14.0

51 9.5 12.0 13.0 13.4 15.4 13.6 14.5

52 3.0 5.3 5.0 5.6 5.6 5.1 5.1

53 15.0 17.7 19.6 18.2 19.5 16.2 20.0

54 15.0 15.0 16.0 720.0 8W.0 17.0 17.0
ua pa

55 2.6 2.3 2.0 1.8 75.0 28.0 36.0
A A L

56 17.0 25.0 37.0 88.0 lOpa 19pa 32pa

57 18.0 14.0 13.8 12.2 14.0 13.0 13.0

58 15.0 12.9 12,0 11.0 12.1 11.2 11.9

A Units out of specification.



EXHIBIT IV

QUIET DIODES

The following critical parameter was measured during the lift test, at

approximately 250-hour intervals, at room temperature (250 C):

1. Forward voltage drop (VF) in volts at an average forward

current (IF) of 400 milli-amps.

The vendor specifications fc- this diode (IN 645) allow a maximum forward
voltage drop of 1. 0 vult at the maximum allowable average forward current

of 400 milli-amps at room temperature (25' C).

All measurements of forward voltage drop are in volts.

When a unit exceeds the maximum allowable forward voltage drop it is

noted and considered to have failed life test.

fk
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IVa-1

EXHIVIT IVa

ADDITIONAL QUIET DIODES

The following critical parameter was measured during the life test, at
approximately 250-hour intervals, at room temperature (250 C):

1. Forward voltage drop (VF) in. volts at an average forward

current (IF) of 400 milli-amps.IF

The vendor specifications for this diode (IN 645) allow a maximum forward
voltage drop of 1. 0 volts at the maximum allowable average forward current
of 400 milli-amps at room temperature (25' C).

All measurements of forward voltage drop are in volts.

IX
When a unit exceeds the maximum alowable forward voltage drop it is

Snoted and considered to have failed life test. 1_I
I 1I

i
I
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Exhibit IVa

ADDITIONAL QUIET DIODES

VF(volts) at IF = 400 MA at 250 C

VF(max) = 1.0

ie Initial 248 530 860 1072 1331 1588

de Read- hrs. hrs. hrs. hr s. hrs.-•, o ., ing

1 0.86 0.82 0.83 0.82 0.83 0.83 0.84

2 0.85 0.81 0.80 0.79 0.82 0.80 0.86

3 0.84 0.78 0.78 0.79 0.86 0.78 0.84

4 0.87 0.83 0.83 0.83 0.85 0.86 0.87

5 0.84 0.83 0.82 0.80 0.80 0.79 0.81

6 0.90 0.87 0.83 0.88 0.92 0.89 0.88

7 0.86 0.84 0.80 0.78 0.86 0.80 0.82

8 0.83 0.79 0.82 0.79 0.91 0.79 0.94

9 0.84 0.82 0 32 0.80 0.81 0.79 0.77

10 0.85 0.81 U. 80 0.81 0.85 0.80 0.81

11 0.84 0.80 0.79 0.79 0.82 0.78 0.94

12 0.86 0.83 0.82 0.82 0.86 0.85 0.83

13 0.86 0.84 0.82 0.82 0.88 0.83 0.87



IVA-3

Exhibit IVa

I 1nitial 248 530 860 1072 1331 1588
aead-

lode in hrs. hrs. hrs. hrs. hrs. hrs.N 0o ing
SNo. g

14 0.87 0.85 0.83 0.82 0.83 0.81 0.98

15 0.88 0.8ur 0.85 0.88 0.86 0.85 0.82

16 0.89 0.84 0.84 0.84 0.88 0.85 0.84

17 0.84 0.80 0.80 0.78 0.81 0.80 0.80

18" 0.86 0.84 0.82 0.84 0.79 0.82 0. 80

19 0.85 0.80 0.79 0.81 0.79 0.81 0.79

20 0.90 0.85 0.85 0.83 0.85 0.84 0.85

21 0.87 0.82 0.84 0.87 0.86 0.82 0.80

22 '0.86 0.82 0.82 0.79 0.80 0.81 0.78

23 0.87 0.85 0.82 0.81 0.88 0,83 0.84

24 0.89 0.84 0.94 0.88 0.82 0.83 0.81

25 0.81 0.80 0.80 0.79 0.78 0.78 0.79

26 0.84 0.81 0.82 0.83 0.84 0.81 0.84

t
¶4
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Exhibit IVa

Initial 248 530 860 1072 1331 1588
Oiode•Read-

Node ing hrs. hrs. hrs. hr . hrs. hrs.
No. in___ _

27 0.90 0.87 0.89 0.89 0.90 0.38 0.94

28 0.84 0.82 0.80 0.80 0.81 0.82 0.82

29 0.83 0. 9 0.83 0.81 0,92 0.80 0.81

30 Cs. 81 0.77 0.76 0.79 0.75 0.77 0.76

31 0.84 0.81 0.80 0.80 0.80 0.79 0.80

32 0.83 0.83 0.84 0.84 0.79 C.80 0.82

33 0.80 0.81, 0.77 0.82 0.75 0.77 0.81

34 0.84 0.85 0.85 0.81 0.80 0.86 0.88

35 0.82 0.83 0.77 0.78 0.77 0.78 0.85

36 0.81 0.83 0.82 0.83 0.81 0.80 0.86

37 0.76 0.78 0.79 0.79 0.80 0.77 0.82

38 0.81 0.80 0.83 0.78 0.77 0.89 0.84

39 0.79 0.84 0.86 0.82 0.84 Shorted -

- Units removed from life test.
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Exhibit IVa

meInitial 4 3 860 1072 1331 1588
de ead-24 53

Diode Rd hrs. hrs. hrs. hrs. hrs. hrs.
S N o . 1 1 4 .... ... _

40 0.78 0.83 0.82 0.82 0.78 0.79 0.77

41 0.73 0.80 0. 78 0.75 0.75 U. 77 0.79

42 0.77 0.82 0.82 0.81 0.80 3.82 0.83

43 0.74 0.80 0. '76 0.82 0.78 0.78 0.91

44 0.80 0.83 0.88 0.85 0. 85 Shorted -

45 0.79 0.83 0.83 0.85 0.80 0.80 0.84

46 0.77 0.80 0.78 0.79 0.82 0.78 0.82

47 0.76 0.79 0.77 0.77 0.76 0.79 0.79

48 0.75 0.79 0.79 0.77 0.77 0.78 0.77

49 0.75 0.79 0.80 0.77 0.79 0.78 0.75

50 0. 78 0.82 0.84 0,83 0.80 0.82 0.86

51 0.79 0.80 0.79 0.81 0.79 0.82 0.77

52 0.78 0.80 0.81 0.83 0.80 0.81 0.77

Units removed from life test.

Ii
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Exhibit IVa

Initial 248 530 860 1072 1331 1588

ode Read- hra. hrs. hrs. hrs. hrs. hrs,
No. ing

53 0.79 0.83 0.83 0.84 0.80 0.82 0.78

54 0.76 0 84 0.77 0.77 0.79 0.77 0.79

55 O. 79 0.78 0.84 0.83 0.84 0.85 0.83

56 0,* 0• 80 0.79 0.95 0.85 0.80 0.79

57 0.76 0 79 0.81 0.80 0.82 0.80 0.80

58 0.75 0.79 0.80 0.79 10.81 0.79 0.83
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EXHIBIT V

NOISY 6.8 pfd CAPACITORS

WITH 3 OHMS SERIES RESISTANCE

EXHIBIT VI

QUIET 6.8 pfd CAPACITORS

WITH 3 OHMS SERIES RESISTANCE

The following critical parameters were measured during the life test, at

approximately 250-hour intervals, at room temperature (25°C):

1. Dissipation factor (D) at a frequency of 60 cycles per second

with the rated direct current working voltage (DCWV) impressed

across the capacitor.

2. Leakage current (I)R in micro-amps with the rated direct current

working voltage (DCWV) impressed across the capacitor.

The vendor specifications for this type of capacitor (150 D) at room tempera-

ture (25*C) allow:

1. A maximum dissipation factor of 6. 0 percent at the rated

DCWV and 60 cps.

2. A mxiimzm leaMge current of 1.4 miCM-a at& th! rated IXWV.

All measurements of dissipation factor are in percent and all measurements

of leakage current are in micro-amps.

When a unit exceeds the maximum allowable dissipation factor or leakage

current it is noted and considered to have failed life test.
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EXHIBIT VII

NOISY 6.8 pfd CAPACITORS

WITH 20 OHMS SERIES RESISTANCE

EXHIBIT VIII

QUIET 6.8 pfd CA PACITORS

WITH 20 OHMS SERIES RESISTANCE

The following critical parameters were measured during the life test, at

approximately 250-hour intervals, at room temperature (251C):

IL

1. Dissipation factor (D) at a frequency of 60 cycles per second with

the rated direct current working voltage (DCWV) impressed across

the capacitor.

1 2. Leakage current (IR) in micro-amps with the rated direct current

4 working voltage (DCWV) impressed across the capacitor.

The vendor specifications for this type of capacitor (150 D) at rocm tempera-

ture (25 0C) allow:

. A maximum dissipation factor of 6.0 percent at the rated DCWV

4 and 60 cps.

2. A maximum leakage current of 1.4 micro-aMus at the rated DCWV.

All measurements of dissipation factor are in percent and all measurements

of leakage current are in micro-amps.

I When a unit exceeds the maximum allowable dissipation factor or leakage

current it is noted and considered to have failed life test.
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EXHIBIT IX

NOISY 0.015 pfd CAPACITORS

WITH 3 OHMS SERIES RESISTANCE

The following critical parameters were measured during the life test, at

approximately 250-hour intervals, at room temperature (25°C).

1. Dissipation factor (D) at a frequency of 60 cycles per second with

the rated direct current working voltage (DCWV) impressed across

the capacitor.

2. Leakage current (IR) in micro-amps with the rated direct current

working voltage (DCWV) impressed across the capacitor.

The vendor specifications for this type of capacitor (150 D) at room tempera-

ture (25°C) allow:

1. A maximum dissipation factor of 6. 0 percent at the rated DCWV

and 60 cps.

2. A maxinmum leakage current of 1.0 micro-anps at the rated DCWV.

All measuremenLs of dissipation factor are in percent and all measurements

of leakage current are in micro-amps.

"When a unit exceeds the maximum allowable dissipation factor or leakage

current it is noted and considered to have failed life test.
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EXHIBIT X

QUIET 0. 015 Pfd CAPACITORS
i WITH 3 OHMS SERIES RESISTANCE

The following critical parameters were measured during the life test, at

approximately 250-hour intervals, at room temperature (250C):

1. Dissipation factor (D) at a irequency of 60 cycles per second-with

the rated direct c-'-rent working voltage (DCWV) impressed across

the capacitor.

2. Leakage current (IR) in micro-amps with the rated direct current

working voltage (DCWV) impressed across the capacitor.

The vendor specifications -for this type of capacitor (150 D) at room tempera-
ture (250C) allow:

1. A -maximum- dissipation factor of 6.0 0,percentat the rated DCWVV-

and 60 cps.

2. A um1vidza leakap e urrent or 1-.0 mictr o..uq at, t-+bAte.DW

All measurements of dissipation factor are in, percent and all measurements

of leakage -currentare in micro-amps.-

When a unit exceeds the maximum allowable dissipation factor- or leakage

current it is noted and considered to -have failed lite. test. -
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APPENDIX A

RESULTS OF DIODE DISSECTION

POST LIFE TEST DIODE ANALYSIS

INTRODUCTION I
At completion of the life test all diodes still operating were re-screened for

abnormal R.F. noise. Table Al describes these noise level changes and

explains how they relate to the manufacturer's maximum specifications.
JI

Thi3 table shows that almost all diodes still operating are now quiet, which may

explain why the curves (Figures 19 and 20) of units failed versus time on test

became almost flat after 1000 hours. The noise sources possibly emanated-

from conditions which corrected themselves without aestroying.the diodes. It

is interesting to-note that three of the 80-quiet diodes still operating are :-now

noisy. It is possible that the quiet diodes that failed catastrophically -during

life test-became noisy-prior to failure.

An effort was made to determine cause of the-noise level changes and thet.rea-

sons why some units drifted out of specification. Twenty of the diodes still

operating were sectioned to display their junction regions. All 0ofthe diodes-

exhibiting noise at the end of the life test were included, plus noisy diodes -

which became quiet, and quiet diodes wbich stayed quiet. The diodes were

numbered I through 20 for purposes of identification. Table A2 shows:the

categories the diodes fall into and the-number assigned each in those categories.

(See Figure 18 for reference to noise categories and quantities- within each

category.)
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Table A2. Quantity and Identification Number of Diodes
Sectioned from Each Category

Diodes Sectioned

No Longer Meet Max. Still Meet
Specifications Specifications

Type of Noise Still Noisy -Now Quiet Still Noisy Now Quiet
Displayed ___

Noisy from 1, 2

startI

Noisy only for
I first several 3 4

seconds

Noisy at
start of

j life test Noisy only
after being

I energized for 5, 6 9, 10 1-1, 12
several 7
seconds--

Noisy only
after being 8
shocked __ _ _ 3

SNow Noisy Still. Quiet., Now Noisy- till QuietQuiet atNo... . .. . . . ... tl+uet +

start of
life ts.,; 13, 14 1, 18

S15 -16 19 20

- Figures Al through A20 are photos of the sectioned diodes enlarged. 75 times.

Unlike the five diodes (Figures 3 through 71 sectioned prior to the life tests, great

difficulty was encountered in sectioning these diodes. The -silicon chips had
become quiet brittle, resulting in some chipping and flaking of the silicon, which ]

shows up on thephotos. Diode 19 was shattered during the grinding operativ'n.

I _



SLCT.IONING RE'SUILT'S

Results of sectioning: the 20 diodes went as follows:

Diode 1

The source of noise cannot be determined. Physically, the diode appears normal;
if a defect exists it has either been cut away during sectioning or has not yet

been reached. This diode has a very high leakage current.

F A i

Figure Al. Diode I
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Diode 2

This diode, like diode 1 does not indicate why it is noisy or why it has a large

leakage current.

*1 I

iI
I

!!

Figure A2. Diode 2e

Diode 3

This diode, which- Was noisy- for only a few seconds and then became quiet 4uring

the screening test, is again-noisy. Bonding between the pedestal and chip is-

poor. The chips near the whisker occurred during sectioning.

II

F3

S~Figure A3. Diode 3

Iu.mm w u on min m ~u mn a • mnm ii .... ..... .- _ __: _
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Diode

This diode, from the same category as 3 has stayed quiet. However, it does

-not indicate why it was at first noisy or Why it developed a high leakage

current which is now normal. The small fractures near the whisker were

caused-by the sectioning.

1 i~

EA,

Figure A4. Diode 4

Diode 5

This diode, now qW et, appears normal. It deve-loped a high leakage current

only after more than 2000 hours of operation. The chipping and flaking occurred

during the sectioning.



Figure A5. DiodeS 5

Diode 6

This diode, although-now quiet, has a poor bond between -the whisker-and-the

sil~icon. The poor bond is easily visible -when magnified 500 tines. Here again.,

the voids on the top- of the silicon chip -were caused-by the sectioning.

' JCýI

Figure A6. Diode 6
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-~Diode 7

This diode, also now quiet, has a very poor 13ond betwee~n the silicon and the

pedestal and has a-high leakage curre-at..

Figure AT, Diode 7

This diode first exhibited. noise when- subjected -to mechmnizedi 'shocks, but has

-now- become quiet.- The sec-tioned photo shows a very large void between the
silicon and the pe'destal. This diode -has -a high lilak-age current-.

Figure A8. Diode 8
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Diode 9

This diode is still operating within specifications and is still noisy. Like

diode 6, it has a poor bond between the whisker and the sil1con. This diode

also had high l/f noise.

tt

Figure A9. Diode 9 L

Diode 10-

This diode is still noisy but operating within specifications. The cp<use of
noise is not apparent from the sectioned view*

- -- - - ,--- - - n ~ ~ O *--
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Figure A10. Diode 10

Diode 11

This diode is now quiet and operating within specifications. The large void and
_ fractures in the silicon occurred during sectioning. Except -for these, the diode

appears normal. This diode also exhibited high 1/f noise prior to the life test.

R

Figure All. Diode 11
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Diode 12

This diode also appears normal. The original cause of noise cannot be

determined.

F A

! ~ Figure A12. Diode 12
I

ii Diude 13

Thi s diode, taken from the quiet group, suddenly developeda high Leakage

current after 3000 hours of operation and is now noisy. It has a poor bond

between the whisker and the silicon which cannot be seen in the photo. The

shortened view of the whisker is due to sectioning at a slight angle to the

whisker, and is not a defect.

!

(
I
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I

tk Figure A13. Diode 13

i -Diode -1

This diode is now noisy and has a high leakage current. It has a very poor bond

between the W-hisker and the silicon which cannot be seen on the photo. Also,
- this diode has abnormally thick bonding between the silicon and the pedestal.

I i

SFigure A 14. Diode 14



Diode 5 f
This diode is one of the quiet diodes added at midpoint in the life test. It is

now noisy and has a high leakage current. The bonding between the silicon and j
the pedestai, is poor and has several large voids.

i I

- . .

tI
Figure A5•.-- Diode1-5 i-

!I

Diode 16

This diode has a very high leakage c.lrrentt but is still quiet and appears

normal. The flaking and fracture in the Silicon occurred- during sectioning.

¶

fI

[I
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Figure Al6. Diode 16

Diode 17

This diode -is still- quiet and meets all 'sipecifications

I I

Figure A 17. Diode 17
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* Diode 18

This diode is still quiet and meets all specificv,.tions.

iI
lI

Figure A18. Diode 18

! i•

I Diode 19

This diode was fractured during sectioning. It was quiet and met all specifica-

* tions in spite of the large Voids in the bonding between the silicon and the

pedestal. It is not known why-this seemingly poor bonding had no effect on the

diode's operation and noise level. It is possible that the, voids are not\

wide-spread and that an adequate total bond exists.

!I
I

It

.. .. I;
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T -i-. T

: is still' quiet- antd Meets all .specifications.

' Figure A20. Diode 20

De
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CON ICLUSIONS

In examlning the sectioned views of all 20 diodes, it is difficult to make a

definite conclusion regrding noise sources and causes of poor operation.

Sectioning as a means of analysis did not provide all of the answers as

physical defects may have been hidden or cut away. Conversely, defects shown

may not be as gross as indicated and might disappear with less or deeper

penetration of the sectioning.

Since only five of the remaining 49 noisy diodes are still noisy the noise sources

in these cases were transient in nature and cleared up during operation without

destroying the diodes. The noisy diodes that failed catastrophically obviously

had noise-producing faults that eventually led to their destruction. Note the

quiet diodes that are now noisy and the faults found in their sectioned views. It

is entirely possible that the quiet diodes which failed catastrophically developed

noise from incipient faults not detected during the screening -test.

II

I I

I
I
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APPENDIX B

OPTIMIZATION OF RF NOISE MEASURING TECHNIQUE

DIODES

Presented here is a report of the experimental procedures used to maximize

the output of the test circuit shown below.

_ R.F. A b•A
FILTERI

159 VRMS 60- 200n I 03 .1J6

I A
A.A

RECEWIP
INPIT 300f,

Figure B- 1. Test Circuit

To optimize the output of this circuit, it is nece,'sary to determine which

impedance across terminals A-B draws maximum power from the circuit

Then, if a receiver with this input impedance is used. its output power is

a maximum for any given gain.

To find the optimum impedance, a National HRO "60" receive-- was connected

across R and its output set to zero db with the 60-cycle excitation shut off.

Then, the 60-cycle excitation was applied and the receiver output voltage

measured as a function of R. This was done with the input current I set to

a d-c value of 400 ma, and the Table B-I results were obtained.

StE
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Table B- 1. Receiver Output in Volts,
As a Function of R

Resistance 3M 100K 10K 1K 100 15 0

Diode #61 1.6 1.6 1.6 1.6 1.5 1.3 1.0

Diode #35 1.2 1.2 1.2 :.0 0.9 0.9 0

Voltages were measured at the output of the receiver and are related to

""AB by vo = KVAB, where K is the voltage gain of the receiver, and VAi B is

the voltage across resistor R. Power delivered to terminals A-B was then

calculated by

S(VoK
0SP R.where Ri is the receiver input resistance (300 0).SR R in

in
R+R

in

Power calculated b. this method is plotted in Figure B-2 as a function of R

for diodes #35 and 65. On this graph, R R R iR + Rin. This data did

not lead to any useable conclusion.

The next approach used a transformer for impedance matching. Two avail-

able transformers were tried first. They were wound on a Q-3 ferrite,

toroidal core, and had Faraday shielding. One had 15- and 30-turn windings,

the other had 8- and 40-turn windings. It was found that a significant

increase in output occurred when the transformers were connected so as to

increase the impedance into which the test circuit was working. The largest

increase, of output occurred with a 40-turn primary and 8-turn secondary.

With diode #61, this gave an output of 36v; whereas, with direct coupling (no

transformer) output was 1.6-1.7 v (6-7 db). For each case, gain was set so

that output wzs 0. 85 v (0 db) when the diode was unexcited. This gain was

nigher with the transformer coupling, and unexcited noise was lower. Next,



100T1

- 80 _ __o

70

~60

.40-

DIODE NO0. 61

303

S0120
j i

SR ---10 100 103 104 ~ 105 10•

Req -010 75 230 300 300 300
RESISTANCE (OHMS)

Figure B-2, Detected Power as a Function of Resistance
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I

an attempt was made to determine the optimum turns ratio. Several toroids!
were wound with various turns- on the primary. Then, secondary turns were

varied. Results are plotted in Figure B-3.

Optimum turns ratio seems to be about 8:1, but none of the coils give as

large an output as did the coil with the 40-turn primary and 8-turn secondar.,

(33v). This, however, seems to be due to some characteristic of the coil

other than its turns ratio -- probably its low leakage inductance. Figure B-3

shows that, as the number of primary turns, and hence, transformer induct-

ance, decreased, maximum output increased. This seems to indicate that a

transformer with a turns ratio of 8:1, and as low an inductance as possible,

would give optimum results. Figure B-4 shows the final test circuit.

For comparison, transformer coupling techniques were tried with the Empire

NF105 receiver at the screening test station. Using the same 8:1 transformer,

the receiver output decreased by 6 db. Other ratios running from 1:1 to 18:1

resulted in an even greater loss of output. The direct coupling method

employed for screening parts provides optimum power transfer with the NF105

receiver used.

The advantage that this transformer coupling provides is that it allows

similar results to be obtained with a less expensive receiver.
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j Figure B-3. Transformer Output Voltage as a Function of
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70 RrLC[IVFR
400MA-.--* R.1 •.300n INPrT

159V RMS

60

Figure B-4. Final Test Circuit

CAPACITORS

An attempt was made to optimize a test circuit i*,)r detecting capacitor noise.

The following circuit, Figure B-5, was tried first.

-- FILTErRJR

10V PEAK I65CP
60

Figure B-5. T•.St Circuit

With this circuit, voltage across the test capacitor was as shown in Figure

B-6.
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ST0.7 v

Figure B-6. Voltage Waveform Applied to Capacitor
Under Test

No capacitor noise was detected with any of the transformers tried. However.

when capacitors were driven to breakdown, noise was detected with direct

coupling (no transformer). When transformers with ferrite cores were used

as coupling, no noise was detected.

Ar. air core transformer was tried with various turn ratios, the circuit tuned

to 25 mc, using the variable capacitur in the primary circuit. The largest

output observed with this type of coupling was approximately equal to that

observed with direct coupling. This was with a turns ratio of 1:1. No read-

ings were recorded, since the capacitor could be kept in breakdown only

2-3 seconds without overheating. Also, the readings were not consistent.

An attempt was made to simulate the noise source, I hus avoiding the necessity

of breaking down the capacitors. Since the 6. 8"f capacitor has such low
-4

impedance at 25 mc (9.4 x 10- ohms), it was thought that a parallel signal

generator would not disturb circuit impedance and would allow matching and

tuning.
i

Using the circuit in Figure B-7, the signal generator was set so that the

330.•-resistor had 2 mv across it. Then, various coupling schemes were

tried in an attempt to improve this output. I



i

SI

TE TST CAP. 330ai

Figure B~-7. Test Circuit

k,

Signal generator output impedance is 37 ohms. To oonple the loud to tile tesi

ill circuit the following scheme was used (Figure 1B-8).

6 ph 100 ypf MAX

T Pf SIG 6. >

Figure B-.8. Coupling Scheme

First, an air core transformer with an 3-turn primary and. 40-turn secondary

was tried. This gave an output of 2. 3 my when the primary circuit was tuned.

With the turns ratio reversed, output was 1 my. Next, a 20-turn primary and

a 40-turn secondary wa.s tried. Output was 2. 1 my with the circuit tuned. A

ROP
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20-turn primary and 100-turt secondary gave an output of 5. 6 mv with proper

tuning. This last coupling arrangement was tried with the original excitation

and receiver, but no noise was detected until the capacitor broke down. Noise

output was not as great as that observed with direct coupling, and no improve-

-rent -,'-q -bserved when both the primary and secondary of the coupling

trat 3 for- ere tuned.

Finall) .led circuit without a transforrrmer was tried (Figure B-9).

II

Y h l T;O RECEIVER

FILTER

00 ~
T T MAX

1OV PEAK IN645I

60 IO0 I

Figure B-9. Tuned Circuit Without Transformer

This circuit did not demonstrate any significant increase in noise level.

Alternate Capacitor Circuits -- To detect noise generated by a capacitor, it

was thought that placing the capacitor in a marginally stable circuil. might

result in erratic behavior of the circuit, and would be an indication of noise

in the capacitor. A monostable, multivibrator circuit was tried first. The

circuit shown in Figure B- 10 was found to be very sensitive to exi raneous

noise and by adjusting the potentiometer, it could be made to operate verY
near its switching point. The switching rate of the circuit was different for

different capacitors; it was not affected by size of the test capacitor, but it

was affected by leakage current of the capacitor.

I

I

lI
- . . . . . . . . . ..I '. . . . .. . . . . . .. . .: _=•- ...• -- m-i• • n m • un mm m • m • mnu n utonu mm • um unmumusu noa • um mu nm •uno ••I
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-BO

5.6K CAPACITOR UNDER TEST S.8K

6.8 pf

2%697A AW2N9

47K 
2

S~1.5V

Figure B-10. Monostable Multivibrator Test Circuit

TThe operating point of this circuit tended to drift quite rapidly. In an attempt

to overcome this difficulty, the circuit of Figure B-I1 was tried. This cir-

cuit has a more stable operating point, but was less sensitive to differences

between capacitors. The switching rate still seemed to be related to leakage

current of the capacitor, however, there was not an exact correlatior.

Although it was not determined whether noise generated by the capacitors

Swas the primary factor affecting switching rate, the circuit, in any case,

was extremely sensitive to ambient noise.

The Schmitt trigger shown in Figure B-12 was also tried as a possible method

of detecting capacitor noise, but it could not be made sensitive enough.

Several of the circuit parameters shown were varied, in an attempt to increase

sensitivity. However. the switching threshold of about one millivolt was too

high to be excited by capacitor noise.
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5.6K

61f
68K

2N697

33 wf

S30K 20K

300a

L. .T .5 V 
1 . SV 

O n

Figure B- 1I. Second Monostable Multivibral or lvsl CI r•-uil

-2v

1 3

•' UNDER TEST

20K

"--igire I-12. Schmitt Trigger T.st Cir-uit
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The tunnel d -)de circuit of Figure B-13 was tried and was found to be ver>

sensitive; but the switching point (see Figure B-14) of the diode drifted too

much to make the circuit practical. The IN2941 Germanium tunnell diode

displayed about five millivolts of drift in the voltage at which the diode

approached he negative resistance region.

Since the 0. 015uf capacitors seemed to generate noise of greater intensity

under mechanical stress, it was attempted to vibrate the capacitor and

me2 sure the resulting noise with the "111RO 6 0 " receiver. The capac-tors

were vibrated at 20 KC in an ultrasonic cleaner. All but two of the capaci-

tors checked gave about one volt, approximately 3 db. increase in noise

output when voltage was applied during capacitor vibrations. The other two

capacitors (3A and 4A) behaved more erratically and gave a larger- increase

in noise output.

It is known that tantalum capacitors have small breakdowns occurring in

the oxide layer, even when operated within the rated voltage. These break-

downs should be a source of noise. However, attempts to detect this noise,

20K
•1 1

lO~fl i CAPACITOR

loon I UNDER

0.3V 6 TEST
.12v 1N2941

Figure B-13. Tunnel Diodc Test Circuit
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using the HRO 60 radio receiver, have not been successful unless coinvonents

are subjected to mechanical stress. In an effort to increase the capacitor

noise signal at the receiver input, a preamp was tried. This amplifier.

shown in Figure B- 15 has few components, and a current gain of about

5000. The voltage source in series with the test capacitor can be varied to

put rated voltage on the capacitor. Any breakdowns occurring n the capacitor

should cause curre.nt fluctuations in the base current of the first transistor

and be amplified at the rece.ver input.

When the circuit shown in Figure B- 15 was used in conjun-tion with the radio

receiver, it was found that there was an increase in noise output when bias

voltage on the capacitor was increased. Further investigation showed that

leakage current through the capacitors changed the operating point of the

transistors, and a portion of noise increase was due to transistor noise.

which increased as transistor bias current increased. An attempt was made

to determir.e how much noise was actually due to the capacitor, by placing

an RF filter between the test capacitor and the amplifier input, as shown in

Figure B-16. Data from this test (see Table B-2) seems t0 indicate that

at least some noise was due to the test capacitor, since noi.3e output tisually

increased when the RF filter was removed. Also, when the same transistor

bizs point was obtained by replacing the capacitor with a large resis.or,

noise level was lower. To show the effect of increasing bias voltage across

the capacntor, noise outputs recorded for various 0. 015 11f .antalum capaci-

tors and thrPe large resistors with a 22-1/2 volt bias applied to the component

are also shown in. Table B-2.

Capacitance and conductance of several tantalum capacitors were measured

on a Wayne Kerr bridge Model B 221 which applies a low level a-c signal

(1592 cps, 80 my) to the component under test. Conductance with ibis a-I-

signal was somewhat higher than conductance observed witn a large d-c

bi-,s (10-20 volts).
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*22.•V

22M 2K

TO RECEIVER

67 TUNED TO O.9MC

O.0151 2N697

TEST

Figure B-15. Receiver Preamplifier Test Circuit

+22.5V

22M 2K

2Mh 0.12 pf

COMPONENT 1
UNDER TEST

0.015 Id 0.0110 0.01 $A
12V

• T

SFigure B- 16. Receiver Preamplifier Test Circuit with RF Filter
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